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Acanthoparyphium spinulosum and Cloacitrema
michiganensis are parasitic trematodes of shore birds.
Acanthoparyphium spinulosum was initially described as an
intestinal parasite of the plover, Chadrius domincus
but may also be obtained experimentally in hatchery-raised
chicks. Cloacitrema michiganensis is a cloacal parasite of
Actitis macularia, Catotrophorous sempalmatus inornatus, and
the seagull, Larus californica.
A number of histochemical studies have been concerned
with the egg shell membrane, vitellaria, and reproductive
systems in helminths, but no such histochemical studies have
been done on .A. spinulosum and C. michiganensis. The purpose
of this investigation is to identify the chemical composition
of the egg shell membranes of these two parasites and the
v
chemical composition of the other structures in their
reproductive systems.
Histochemical techniques for proteins, tyrosine,
polyphenol oxidase, phenolic substances, deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA), glycolipids, acidic
lipids, acidic mucosubstances, and neutral lipids were
applied to whole mount adult preparations of Acanthoparyphium
spinulosum and Cloacitrema michiganensis. Malachite Green
for proteins was positive in the ovary, ootype, testis,
vitellaria, eggs, and egg shell membrane of A. spinulosum and
in the eggs and egg shell membrane of C. michiganensis. The
ovary, testis, vitellaria, eggs, and egg shell membranes of
both species were positive for the Millon test for tyrosine.
The Catechol reaction for polyphenol oxidase was observed in
the ootype, vitellaria, eggs, and egg shell membranes of both
species. Fast Red Salt B was positive in the ootype,
vitellaria, eggs, and egg shell membranes of both species.
Methyl Green-Pyronin Y for DNA and RNA was reactive in the
ovary, ootype, testis, vitellaria, and egg shell membrane in
A_. spinulosum and in the ovary, testis, and vitellaria of C.
michiganensis.
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Periodic Acid Schiff (PAS) for glycolipids was positive
in the ovary, testis, vitellaria, eggs, and egg shell
membranes of C. michiganensis. Alcian Blue was localized in
the ovary, testis, and vitellaria of A. spinulosum. Neutral
lipids were demonstrated by the Oil Red 0 method in the
intestinal ceca, and excretory bladders of both species, and
also in the ovary and testis of _A. spinulosum and egg shell
membranes of C. michiganensis.
The PAS test for glycolipids was negative in A_.
spinulosum. Alcian Blue could not be visualized in C.
michiganensis. The Toluidine Blue and Nile Blue methods for
acidic mucosubstances were negative in both species.
The results of this investigation suggest that a
quinone-tanning system for the stabilization of proteins in
the egg shell membrane is present in both species, and that
these parasites utilize sclerotin in their egg shells which
is responsible for the hardness of the structure. In
addition, the chemical composition of most organs of the
reproductive systems of both species contain important
macromolecules, such as, proteins, amino acids, phenols,
polyphenol oxidase, deoxyribonucleic acid and ribonucleic
acid, acidic lipids and neutral lipids.
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Acanthoparyphium splnulosum was initially described by
Johnston (1917) as an intestinal parasite of the plover,
Chadrius domincus from Sydney, Australia. Bearup (1960)
described its life history and observed the life cycle stages
including egg, miracidium, redia, cercaria, metacercaria, and
the adult. The adult of this species was obtained
experimentally in hatchery-raised chicks by Martin and Adams
(1961). The first and second intermediate host of A_.
spinulosum in the U.S.A. is the brackish water snail,
Cerithidea hegewischi californica. Two generations of redia
develop within the digestive glands of the snail. The
cercarial stage is released from the snail and reenters
Cerithidea californica to encyst as a metacercaria in the
radular mass. The cercarial stage contains numerous
structures such as glands, primodia of the reproductive
system, pharynx, esophagus, acetabulum, and ceca. The
excretory system and tail are also well developed. When the
definitive host feeds on infected snails, the adult stage
develops in the intestine after approximately nine days of
infection.
Cloacitrema michiganensis was initially described by
Mclntosh (1938) from the cloaca of the black-necked stilt,
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Actitis macularia and the western willet, Catotrophorous
sempalmatus inornatus. It was later recovered from the
seagull, Larus californlca by Robinson (1952). The egg
contains a well developed miracidium which in turn contains a
fully developed redia. Two types of redia are observed in
the snail intermediate host, Cerithidea californica. A
megalurus cercaria is produced and released from the snail.
It is free-swimming and encysts on any hard object, including
the shells of snails. Adults develop in the cloaca of shore
birds when metacercariae on snail shells are eaten. The life
cycle of C. michiganensis was outlined by Robinson (1952).
The formation of the egg shell membrane and vitellaria
has been studied by Stephenson (1947) in Fasciola hepatica,
Madhavi (1966) in the family Paramphistomatidae, and Smyth
(1951) in several trematodes and cestodes. A number of
histochemical studies have been concerned with the egg shell
membrane, vitellaria, and associated areas of the
reproductive system in helminths. Previous studies on
helminths have reported sclerotin precursors in the
vitellaria and newly formed egg shells of trematodes and
cestodes by Smyth and Clegg (1954), and in the vitellaria and
ootype in several species of trematodes by Fried and
Stromberg (1971). Protein in the egg shell and vitellaria
has been reported in a number of trematodes by Nollen (1971),
Burton (1963), and Johri and Smyth (1956). Erasmus (1967)
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investigated the lipid composition in Cyathocotyle bushiensis
and Fried and Morrone (1970) reported lipid in the excretory
tubules of Echinostoma revolutum. There have been no similar
reports on Acanthoparyphium spinulosum and Cloacitrema
michiganensis. Therefore, the purpose of this investigation
is to identify the chemical nature of the egg shells of these
two parasites, and to identify the chemical composition of
other structures in their reproductive systems using
histochemical techniques.
The following techniques were applied to whole mount
adult preparations of _A. spinulosum and C. michiganensis:
Malachite Green for the demonstration of basic proteins, the
Millon test for the demonstration of tyrosine, Catechol for
the demonstration of polyphenol oxidase, Fast Red Salt B for
phenolic substances, Methyl Green-Pyronin Y for DNA and RNA,
Periodic Acid Schiff (PAS) for the demonstration of
glycolipids, Alcian Blue and Toluidine Blue for the
demonstration of acidic mucosubstances, Nile Blue for the
demonstration of acidic lipids, and Oil Red 0 for the
demonstration of neutral lipids.
CHAPTER II
REVIEW OF LITERATURE
Few studies have been reported involving the
histochemical nature of the egg shell membrane and other
structures of the reproductive system in trematodes.
Stephenson (1947) reported on several aspects of egg shell
formation in Fasciola hepatica and observed the globules or
granules within the vitelline cells were responsible for the
formation of the egg shell. The vitelline globules contained
two egg shell precursors necessary for the formation of a
quinone-tanned protein such as sclerotin. These precursors
were orthodihydroxyphenol and protein. In the presence of
polyphenol oxidase these substances produced a quinone-tanned
protein. Although the final egg shell was quinone-tanned,
the presence of polyphenol oxidase was not conclusively
demonstrated.
Madhavi (1966) studied the egg shells of trematodes of
the family Paramphistomatidae and observed that these do have
the quinone-tanning system for the stabilization of proteins
in the egg shell. Their egg shells were keratinized as a
result of the action of disulfide bonds. Proteins and
phenols were demonstrated in the vitelline cells but
polyphenol oxidase was not.
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Madhavi (1968) reported the absence of phenols and
polyphenol oxidase in Diplodiscus mehrai. Colorless and
transparent egg shells composed of keratin-like protein were
described in this trematode. Intense reactions for Malachite
Green, Bromophenol Blue, and the Millon Test indicated the
presence of proteins and amino acids in the shell material.
Rees (1968) studied the morphology, histochemistry, and
the egg shell formation of Macrolecithus papilliger and
obtained intense staining reactions for proteins in mature
vitelline cells and newly formed egg shells. The immature
vitelline cells stained uniformly; whereas, the older egg
shells did not stain when Bromophenol Blue with or without
mercury was used. Fast Red Salt B reactions indicated that
phenols were present in mature vitelline cells and young egg
shells. Immature vitelline cells and older egg shells were
negative. The Catechol reaction was positive in the
vitelline globules of mature vitelline cells and in young egg
shells. The remaining structures were negative. The
tyrosine-rich proteins and polyphenol oxidase in the
vitelline cells and young egg shells were suggestive of a
sclerotin forming system (quinone).
Fried and Stromberg (1971) studied the egg shell
precursors in several trematodes. Histochemical methods were
used to demonstrate the formation of the egg shell by the
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sclerotinization of proteins from precursor substances such
as phenol, protein, and polyphenol oxidase. The species of
trematodes studied were Echinostoma revolutum,
Echinoparyphium recurvatum, Haematolecchus medioplexus,
Megalodiscus temperatus, Halipegus sp. , Gorgoderina sp_. ,
Glypthelmins sp., and Polystomoides sp. Phenols were
observed in the ootype of all except Glypthelmins sp., which
was questionable, and Megalodiscus temperatus, which was
negative. Basic proteins were observed in E. revolutum, E.
recurvatum, H. medioplexus, and M. temperatus. The remaining
species produced slightly positive to questionable results in
these areas. Polyphenol oxidase was reported in the ootype
and vitellaria of E. revolutum, IS. recurvatum, H.
medioplexus, Glypthelmins sp., and Polystomoides sp.;
whereas, M. temperatus and Gorgoderina sp. were negative and
Halipegus sp. was slightly positive.
Nollen (1971) compared three species of trematodes
(Philopthalmus megalurus, Gorgoderina attenuata, and
Megalodiscus temperatus) with colorless and transparent egg
shells with one species having a quinone-tanned egg shell
(Haematolecchus medioplexus). For the presence of basic
proteins in the vitellaria and the egg shell, the Bromophenol
Blue method was positive in all species studied. Tyrosine
was observed in the vitellaria and egg shells of all species
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studied except M. temperatus which contained tyrosine only in
the vitellaria. Polyphenol oxidase was demonstrated in the
vitellaria and egg shells of H. medioplexus and P. megalurus.
The remaining species were negative, which may be contributed
to prolonged fixation. Only small amounts of polyphenol
oxidase was observed in P. megalurus, therefore, this
parasite was not considered as being quinone-tanned.
Srivastava and Gupta (1976) studied the egg shell
formation in Isoparochis hypselobagri. The Bromophenol Blue
method was positive demonstrating the presence of basic
proteins in the vitellaria, eggs, and uterus. The Catechol
method for polyphenol oxidase and the Argentaffin method for
the presence of phenols were also positive. The egg shell in
this species was colorless and transparent. It was concluded
that the presence or absence of phenols and polyphenol
oxidase is not necessarily reflected by the physical
appearance of the egg shell and; therefore, some other
mechanism might be responsible for the physical appearance.
Srivastava and Gupta (1978) confirmed the presence of
polyphenol oxidase in J_. hypselobagri and reported the rate





The intermediate host of Acanthoparyphium spinulosum and
Cloacitrema michiganensis, the brackish water snail,
Cerithidea californica was obtained from Pacific Bio-Marine
Laboratories of Venice, California and Jones Biomedical
Laboratories of Long Beach, California. Upon arrival the
snails were removed from their shipping containers, washed in
cold tap water, placed in finger bowls in groups of ten, and
a small amount of synthetic sea water was added to each bowl.
Single snails were isolated when desired cercarial types were
observed.
The radular mass containing metacercariae of A.
spinulosum was dissected from the infected snails and fed to
day-old chicks to obtain adult worms. The chicks were
sacrificed nine days after infection at which time the
intestines were removed and examined for adult worms.
Metacercariae of C. michiganensis that had encysted on
the bottom and sides of the finger bowls were collected 2
days to 1 wk post-encystment. The cysts were excysted
according to the methods of LeFlore and Bass (1983). The
excystment was carried out by incubating the cysts in a
medium of 0.1 % sodium taurocholate (ox bile) and 0.5 %
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trypsin in Hanks balanced salt solution (BSS) at pH 7.8 in
3.5 cm Carolina Culture dishes in a water bath at 42 C for 15
min to 3 h. Following excystment of the metacercariae, the
chicks were anesthetized with approximately 0.4 cc of
Nembutal injected into the thigh muscle with a 1 cc
tuberculin syringe after Herman and Bacha (1978). This
procedure minimized defecation during innoculation. Flushing
the cloaca with 0.85 % physiological saline provided a means
of emptying them of fecal material. Encysted metacercariae
were introduced into the cloaca of one-half of the chicks and
excysted metacercariae were introduced into the cloaca of the
other half. Chicks were sacrificed and examined for adult
worms from the 21st day through the 31st day after infection.
The cloaca was dissected and examined for the parasites. The
adults of both parasites were washed and relaxed in 0.85 %
physiological saline in preparation for flattening, fixation,
and staining according to the methods of Johri and Smyth
(1956). Flattening was accomplished by placing the specimens
on a slide to which petroleum jelly had been applied to each
end. Another slide was then placed on top of the specimen
and pressure was applied until it was sufficiently flattened.
This procedure allowed for the visualization of the
parasite's internal organs. The fixatives used depended on
the staining method applied. For histochemical stains 10 %
10
buffered formalin (pH 7.0) was used and 70 % or 90 % alcohol
was used for morphological staining. After fixation, the
worms were washed with cold distilled water to remove all
traces of the fixative, and examined by one of the following
procedures:
The Gower's Carmine method for complete morphology (after
Gower, 1939)
Ten grams of carmine were added to 100 ml of 45 % acetic
acid. This solution was boiled slowly, then cooled and
filtered. The residue on the filter paper was acidified
carmine. The staining solution contained:
1 g acidified carmine
10 g aluminum potassium phosphate
200 ml distilled water
This solution was then mixed and dissolved by warming, then
filtered. A crystal of thymol was added for proper storage.
Gower's carmine stains the major organs a rose color.
The Malachite Green method for proteins (after Smyth, 1951)
After washing for 6-12 hours, the specimens were
placed in 0.5 % Malachite Green staining solution (5 min) and
dehydrated through a graded series of alcohols, this was
followed by counterstaining in 10 % Orange G in absolute
alcohol, clearing in xylene overnight, and mounting on slides
with Permount. Malachite Green stains basic proteins green.
The degree of staining depends on the type of protein present.
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The Millon Test for tyrosine (after Baker, 1956)
This procedure required the preparation of three
solutions as follows:
Solution I
90 ml distilled water
10 ml sulphuric acid (cone.)
10 g mercuric sulphate
This solution was dissolved by heating followed by
cooling to room temperature, and adding 100 ml distilled
water. Solution II consisted of:
250 mg sodium nitrite
10 ml distilled water
The staining solution (III) was composed of 10 ml of
solution I and 1 ml of solution II. Specimens were placed in
a beaker of solution III and boiled gently for 2 min. They
were allowed to cool to room temperature before washing in
distilled water for three repetitions, 2 min each.
Dehydration through a graded series of alcohols was followed
by mounting with Permount. This method stains tyrosine red,
pink, or yellowish red.
The Catechol method for polyphenol oxidase (after Johri and
Smyth, 1956)
Specimens remained in water for 30 min and were
transferred to a freshly prepared 0.1 % solution of Catechol
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incubated at 40 C for 90 min. After washing, the specimens
were counterstained for 3-12 hours in Gower's carmine for
complete morphology. Following dehydration through a graded
series of alcohols, the specimens were cleared in xylene, and
mounted with Permount. A reddish-brown color indicated the
presence of polyphenol oxidase.
The Fast Red Salt B method for phenolic substances (after
Johri and Smyth, 1956)
Specimens were treated with 1 % solution of Fast Red
Salt B for 10 - 40 min, which was freshly prepared and
filtered. They were then rinsed and counterstained in
Gower's carmine for 3-12 hours. They were destained in
acid alcohol (0.5 % hydrochloric acid in 10 % alcohol),
dehydrated through a graded series of alcohols, cleared in
xylene and mounted on slides with Permount. A deep orange to
rust color indicated the presence of phenolic substances.
The Methyl Green-Pyronin Y method for DNA and RNA (after
Kurnick, 1955)
The Methyl Green solution contained 2 g of Methyl Green
in 100 ml of distilled water. It was dissolved and poured
into a separating funnel, to which 100 ml of chloroform was
added. The solution was shaken and the contaminated
chloroform was extracted until no violet appeared (6-8
washes). The Pyronin Y solution contained 2 g of Pyronin Y
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in 100 ml distilled water. The final staining solution
consisted of:
7.5 ml Methyl Green
12.7 ml Pyronin Y
30 ml acetate buffer (pH 4.8)
Specimens were stained for 4-10 min. They were blotted
dry with absorbing paper until dry, rinsed rapidly in
absolute acetone, 10 % acetone in xylene, 50 % acetone in
xylene, and 100 % xylene and mounted with Permount. Methyl
Green stains DNA green and Pyronin Y stains RNA and
depolymerized DNA red.
The Periodic Acid Schiff method for glycolipids (PAS)(after
de Tomasi, 1936)
Schiff's reagent was prepared initially. One gram of
basic fuchsin was dissolved and boiled in 200 ml of distilled
water. When cooled to 50 C it was filtered and 20 ml of
N-hydrochloric acid was added to the filtrate. The filtrate
was cooled to 25 C and 1 g of metabisulphite was added. This
solution was stored in the dark overnight. The solution was
then shaken for 1 min after the addition of 2 g activated
charcoal. The solution was filtered again and the filtrate
was stored in a dark bottle at 4 C.
The specimens were placed in Schiffs reagent for 5 min.
Afterwards they were rinsed in tap water (5 min) and returned
to Schiffs reagent for (20 min). Glycerin jelly was used
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for mounting. This method demonstrates the presence of
glycolipids and will stain affected areas red.
The Alcian Blue method for acidic mucosubstances (after
Steedman, 1950)
A staining solution of Alcian Blue (pH 2.5) was prepared
by adding 1 g of Alcian Blue to 100 ml of 3 % acetic acid.
The adult worms were stained for 5 min, washed in distilled
water, dehydrated through a graded series of alcohols,
cleared in xylene, and mounted in Permount. The Alcian Blue
staining solution was filtered before use. This method
stained acidic mucosubstances blue.
The Toluidine Blue method for acidic mucosubstances (after
Kramer and Windrum, 1955)
The staining solution contained the following:
100 mg Toluidine Blue
30 ml absolute alcohol
70 ml distilled water
Specimens remained in the staining solution for 15 min.
They were then rinsed in 95 % alcohol and 100 % alcohol,
cleared in xylene, and mounted in Permount. Toluidine Blue
stains acidic mucosubstances pink.
The Nile Blue method for acidic lipids (after Smith and
Dietrich, modified by Cain, 1947)
This procedure is helpful in identifying unknown lipids.
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It required three solutions, two for staining purposes and
one for differentiating. The solutions consisted of the
following:
1. 1 % Nile Blue
500 mg Nile Blue
50 ml distilled water
2. 0.02 % Nile Blue
10 mg Nile Blue
250 ml distilled water
3. Differentiator
0.5 ml acetic acid
50 ml distilled water
The specimens were stained in 1 % Nile Blue for 5 min at
60 C. Afterwards they were placed in differentiator at 60 C
(30 sec), rinsed in tap water, and mounted in glycerin jelly.
The second specimen followed the same procedure except that
it was placed in 0.02 % Nile Blue (5 min, 60 C) instead of
being mounted. This specimen was differentiated at 60 C for
30 sec, washed in tap water, and mounted in glycerin jelly.
A blue stain indicates acidic lipids and a red stain
indicated a non-acidic lipid.
The Oil Red 0 method for neutral lipids (after Proescher,
1927)
The staining solution contained:
1 g Oil Red 0 stain
60 ml triethyl phosphate
40 ml distilled water
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Distilled water was added to triethyl phosphate followed
by the addition of the stain. The mixture was heated and
stirred consistently for 5 min at 100 C. The mixture was
filtered twice, once when hot and again after cooling. From
water the specimens were placed in 60 % triethyl phosphate,
and washed in distilled water and tap water for 5 min.
Glycerin jelly was used for mounting. This method stained




The ovary of _A. spinulosum may be spherical or oval
(Fig. 1). It is positioned just anterior and to the left of
the ootype and testis. The testes are paired with the
anterior testis usually being the shorter and wider of the
two. Extending from each (anteriorly) are ducts which unite
and penetrate the cirrus sac. An oviduct leads from the
posterior surface of the ovary, and is joined by Laurer's
canal when entering the ootype. The main vitelline ducts
also unite with the oviduct. Vitelline follicles are diffuse
and extend from the area of the ovary to near end of the
ceca. The ootype is located between the ovary and the
anterior testis. It is surrounded by the cells of Mehlis'
gland. The uterus extends from the level of the ootype to
the genital pore. The eggs are yellow, oval and operculated.
The ovary of C. michiganensis is spherical and is
located in the lower one-half of the body (Fig. 2). It is
just anterior to the testes. A short oviduct leads from the
surface of the ovary to the Mehlis gland and vitelline
reservoir. A small seminal recepticle enters the oviduct
from the left. Laurer's canal is long, and coils anteriorly
from the oviduct to open on the dorsal surface, near the
17
Fig. 1. The general morphology of the reproductive
system in Acanthoparyphium spinulosum. Ov,
ovary; T, testis; E, eggs; ES, egg shell, V,
vitellaria. Scale bar, .25 mm.
Fig. 2. The general morphology of the reproductive
system of Cloacitrema michiganensis. Ov,
ovary; T, testis; E, eggs; ES, egg shell; V,




























Table 1. Histochemical test results for Acanthoparyphium spinulosum - adult trematode.





























































Key 0, no reaction; +, slight reaction; ++, moderate reaction; +++ strong reaction.






































































Key, 0, no reaction; +, slight reaction; ++, moderate reaction; +++, strong reaction.
CHAPTER V
DISCUSSION
The results of the present investigation indicate that
basic proteins, tyrosine, phenols, and polyphenol oxidase can
be demonstrated histochemically in Acanthoparyphium
spinulosum and Cloacitrema michiganensis. These substances
have also been demonstrated in Haplometra cylindricus by
Smyth (1951), Haematolecchus medioplexus, Philopthalmus
megalurus, Gorgoderina attenuata, and Megalodiscus temperatus
by Nollen (1971), Echinostoma revolutum and Echinoparyphium
recurvatum by Fried and Stromberg (1971), and in Isoparochis
hypselobagri by Srivastava and Gupta (1981). Of these
parasites, _E. revolutum, E. recurvatum, and I_. hypselobagari
are echinostomes and P. megalurus is a philopthalmid.
Tyrosine is a phenolic amino acid and its presence is to be
expected since it occurs in quinone-tanned proteins. It has
been demonstrated in the vitelline cells and newly formed egg
shells of Fasciola hepatica, H. medioplexus, £. megalurus, G.
attenuata, and M. temperatus (Stephenson, 1947; Burton, 1963;
Nollen, 1971).
The ootype of both species contained phenolic substances
and polyphenol oxidase. Since this structure serves as the
site of assembly for the ovum, spermatozoan, and vitelline
36
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cells it is highly probable that much of the initial tanning
of the eggs and egg shell occurs in this structure. Some
differences, however, were seen in the ootype of _A.
spinulosum and C. michiganensis. For example, the ootype of
C. michiganensis did not stain with Malachite Green for basic
proteins and the Millon test was negative whereas these tests
were positive in A. spinulosum. It is highly unlikely that
the ootype of C. michiganensis is devoid of basic protein and
tyrosine as the test results suggest. It is possible,
however, that the stains did not infiltrate all structures
containing protein and tyrosine in whole mount preparations.
Sections of these specimens may reveal additional
information.
The major portion of most trematode egg shells is formed
as a result of the sclerotinization of proteins from
precursor substances such as basic proteins, phenols, and
polyphenol oxidase. The newly formed trematode egg shell is
composed of polyphenols and proteins which are converted to
sclerotin in the presence of polyphenol oxidase. The
polyphenols are oxidized to a quinone which links to the
imino or amino group of proteins. Eventually sclerotin is
formed and is responsible for the hardness of the egg shell
(Smyth and Clegg, 1959; Stephenson, 1947). The process is









Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA)
were observed in the ovary, testis, and vitellaria of both
species. Nucleic acids would be expected in these structures
because of the large amount of cellular activity associated
with each. Spermatogenesis occurs within the testis,
oogenesis occurs within the ovary, and vitelline cells mature
within the vitellaria. Erasmus (1975) observed
heterochromatin, ribosomes, and large nucleoli in the
vitelline cells of Schistosoma mansoni.
PAS positive glycolipids were not observed in _A.
spinulosum. However, they were present in the ovary, testis,
vitellaria, eggs and egg shells of C. michiganensis. The
absence of a PAS positive reaction in _A. spinulosum
surprisingly may indicate the lack of glycolipids in this
parasite or it may be contributed to the ability of the stain
to infiltrate the tegument of this species. Previous studies
do not reveal any other explanation. Positive PAS results
have been observed in vitelline cells and spermatozoan of W_.
medioplexus (Guilford, 1961; Burton, 1963). Burton (1963)
suggested that embryonated eggs receive nourishment through
the egg shells when glycogen diffused through it.
There were differences in the test results in both
species studied with Alcian Blue (pH 2.5). Alcian Blue for
acidic mucosubstances was positive in the ovary, testis, and
vitellaria of _A. spinolusum but was absent in C.
michiganensis.
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Nollen (1971) observed positive Alcian Blue results in the
vitelline cells of £. megalurus, G. attenuata, and M.
temperatus. There have been very few studies involving the
usage of this stain on parasites and therefore limited
information to explain its absence in one species and
presence in the other. The Toluidine Blue method (acidic
mucosubstances) and the Nile Blue method (acidic lipids) were
negative in ^. spinulosum and C. michiganensis.
Oil Red 0 positive neutral lipids were demonstrated in
the ovary, testis, intestinal ceca, and excretory bladder of
_A. spinulosum. They were also demonstrated in the egg shell,
excretory bladder, and intestinal ceca of C. michiganensis.
Lipids have been reported in the excretory system of
Cyathocotyle bushiensis and E. revolutum (Erasmus, 1967;
Burren ejt a^. , 1967; Fried and Appel, 1977) and in the
intestinal lumen of Leucochloridiomorpba constantiae (Harris
and Cheng, 1973) and in J3. mansoni (Haseeb et^ a^. , 1984). It
has been suggested that lipids play an important role in
chemoattraction and pairing in E. revolutum (Fried et^ al. ,
1980; Fried and Robinson, 1984).
The presence of basic proteins, tyrosine, phenolic
substances, and polyphenol oxidase indicates the presence of
a quinone-tanning system for the stabilization of proteins in
the egg shell membranes of both A. spinulosum and C.
michiganensis.
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In addition, both species utilize sclerotin in their egg
shells. Sclerotin is responsible for the hardness of the
shell which protects the contents from abrasive substances.
Information obtained from histochemical tests for the
presence of DNA, RNA, glycolipids, acidic mucosubstances, and
neutral lipids in the other structures of the reproductive
systems of these parasites will add significantly to the
existing information available on the chemistry and chemical




1. Histochemical studies for proteins, tyrosine, polyphenol
oxidase, phenolic substances, deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA), glycolipids, acidic
mucosubstances, acidic lipids, and neutral lipids were
applied to whole mount preparations of Acanthoparyphium
spinulosum and Cloacitrema michiganensis.
2. Malachite Green for basic proteins was positive in the
ovary, ootype, testis, vitellaria, eggs and egg shell
membrane of _A. spinulosum and in the eggs and egg shell
of C. michiganensis, while the ovary, testis, vitellaria,
eggs and egg shell membranes of both species were
positive for the Millon test for tyrosine.
3. The Catechol reaction for polyphenol oxidase and the Fast
Red Salt B method for phenolic substances were positive
in the ootype, vitellaria, eggs and egg shell membranes
of both species.
4. Methyl Green-Pyronin Y for DNA and RNA was observed in
the ovary, ootype, testis, vitellaria, and egg shell
membrane of A. spinulosum and in the ovary, testis, and
vitellaria of C. michiganensis.
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5. Periodic Acid Schiff (PAS) for glycolipids was positive
in the ovary, testis, eggs, egg shell membrane, and
vitellaria of 0. michiganensis, whereas, this reaction
was negative in _A. spinulosum.
6. Alcian Blue for acidic mucosubstances was localized in
the ovary, testis, and vitellaria of A. spinulosum;
however, this test for acidic mucosubstances was negative
in £. michiganensis.
7. The Toluidine Blue method and the Nile Blue method for
acidic mucosubstances and acidic lipids were negative in
both _A. spinulosum and C. michiganensis.
8. The results of this investigation suggest that a
quinone-tanning system for the stabilization of proteins
in the egg shell membrane is present in both species and
that these parasites utilize sclerotin in their egg
shells which is responsible for the hardness of this
structure.
9. Most organs of the reproductive systems of both species
contain important macromolecules such as basic proteins,
amino acids, phenolic substances, polyphenol oxidase,
deoxyribonucleic acid, ribonucleic acid, acidic lipids,
and neutral lipids.
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